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Protein splicing: occurrence, mechanisms and related phenomena 
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An increasing number of proteins are thought to self-splice 

post-translationally on the level of the polypeptide, producing 

two separate proteins from one gene, neither of which is the 

protein predicted from the gene sequence. The recent 

elucidation of the mechanism of splicing has led to the 

identification of a number of post-translational protein 

modifications that use similar chemical pathways. 
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Introduction 
RNA splicing and protein splicing are two mechanisms by 
which the flow of information from a gene to its protein 
product can be modulated to yield a protein whose 
sequence is not strictly colinear with the gene. But, unlike 
RNA splicing which occurs at the level of an RNA precur- 
sor, protein splicing is a self-catalyzed process occurring on 
the level of the polypeptide in which an intervening 
polypeptide domain called an intein (int[ernal] [protlein) 
[l] is precisely excised from a precursor polypeptide. The 
flanking amino-terminal and carboxy-terminal polypeptide 
domains called exteins are concomitantly ligated together 
by the formation of a peptide bond to yield an active 
protein product (Fig. 1). As a radical post-translational pro- 
cessing event, protein splicing adds another layer of com- 
plexity to the mechanism of gene expression embodied 
in the ‘central dogma’ of molecular biology. Moreover, 
because a single gene gives rise to two separate protein 
products, protein splicing represents an exception to the 
idea that the final protein product is always colinear with 
the nucleotide sequence of the gene. Ever since its discov- 
ery as a new biological concept protein splicing has drawn 
worldwide attention and research on this topic has been 
advancing rapidly. This review is devoted to new results, 
new inteins and newly discovered related phenomena 
which were not included in the most recent review on this 
topic [Z]. 

Occurrence 
The first demonstrated example of protein splicing 
involved the protein product of the Succharomyces cermlsiae 
TFPl gene, which encodes the 69 kDa catalytic subunit of 
the vacuolar ATPase [3,4]. After that, further examples of 
protein splicing were discovered for proteins in all three 
kingdoms of life: in eukaryotes, the 69 kDa subunit of 
vacuolar ATPase of the yeast Candida tropicalis [S]; in 
prokaryotes, the RecA proteins of the mycobacteria 
Mycobacterium tuberculosis [6,7] and Mycobacterium leprae [8], 
and in Archaea, the DNA polymerases of the extremely 
thermophilic archaebacteria Thermococcus /itorahs [9] and 
Pyrococcus species GB-D [ 101. 

The fact that the exteins found in these examples of 
protein splicing share no obvious homology and can be 
replaced by other polypeptides, indicates that they are not 
involved in the catalytic events of protein splicing. On the 
other hand, the inteins, which range from 350 to 550 amino 
acid residues, show moderate amino acid sequence similar- 
ity. Moreover, a comparison of the amino acid residues at 
the junctions between the intein and the flanking exteins 
reveals a striking conservation of amino acid residues. Just 
downstream (i.e. towards the carboxyl terminus of the 
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Figure 1 
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polypeptide chain) of each splice junction, there is always 
an amino acid residue with a hydroxyl or sulfhydryl 
sidechain, such as serine, threonine or cysteine. ‘I’he car- 
boxy1 terminus of the inteins consists of the sequence 
His-Asn preceded by several hydrophobic residues 
(Table 1). In addition to these four highly conserved posi- 
tions, these inteins contain the two dodecapeptide motifs 
characteristic of homing endonuclease [ 111. The homing 
endonuclease activity of the mature inteins, released by 
protein splicing, is thought to provide the inteins with 
gene mobility [12]. 

Based on these conserved amino acids and motifs, more 
open reading frames containing intein-like intervening 
sequences have been found in searches of genomic data- 
bases. For example, the ppsr open reading frame of 
M. leprue [ 111; the GyrA protein in M. leprae, Mycobacter- 
ium kansasii, Mycobacten’um flavescens, Mycobacterium gordonae 
[13] and Afycobacterium ~nopi (GenBank accession number 
1767876); the DNA polymerases of the extremely ther- 
mophilic archaebacterium Pyrococcus species KODl 
(Genbank accession number DZ9671); the CC& gene in 
Chlamydomonus eugametos chloroplast [ 141; The dnaB heli- 
case in Porphyra pzlrpurea [1.5] and Synechoqstis [16]; and, 
most recently, the 18 inteins in the genome of Methanococ- 
cus jannash’ [ 171 (Table 1). Interestingly, among these 
putative inteins some have Gly-Asn instead of the usual 
His-Asn at their carboxyl terminus (Table 1, numbers $29) 
while others lack the dodecapeptide motifs characteristic of 
homing endonuclease, making their sizes unusually small 

(Table 1, numbers 4,13). As new genome sequences arc 
disclosed, we expect to find more inteins. 

Mechanisms 
Since the discovery of protein splicing, several mecha- 
nisms have been proposed. In the absence of structural 
information about the inteins on which to base the propos- 
als, these mechanisms were based on the types of reac- 
tions that might be possible for the conserved amino acid 
residues at the splice junctions. Several putative chemical 
pathways were proposed to be involved in the process of 
protein splicing. Wallace 1181 suggested that both splice 
junctions underwent N-O/N-S acyl rearrangements, fol- 
lowed by nucleophilic attack of the downstream a-amino 
group on the upstream ester or thioester, then hydrolysis 
of the downstream ester or thioester. Cooper et al. [ 191 pro- 
posed that protein splicing starts with cleavage between 
the intein and the C-extein by cyclization of asparagine at 
the downstream splice junction followed by a transpepti- 
dation reaction between the upstream splice junction and 
the amino terminus of the C-extein. Clarke [Zo] proposed 
that protein splicing begins with the attack of the down- 
stream asparagine at the upstream splice junction to form a 
succinimide, however. Xu eta/. [Zl] proposed two possible 
mechanisms for protein splicing. One starts with a scrine 
proteinase-like attack of the downstream serine at the 
upstream splice junction, followed by the downstream 
asparagine cyclization and O-N acyl rearrangement. ‘I’he 
other mechanism, shown in Figure 2, involves four steps. 
Step 1: formation of an ester intermediate by an N-O acyl 
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Table 1 

Known and mutative inteins. - 

Number Protein 

1 VMA intein 
2 VMA intein 

3 c/pP intein 
4 dnai3 intein 
5 dnaB intein 
6 recA intein 
7 recA intein 

8 ppsl intein-1 
9 gyrA intein 

10 gyrA intein 
11 gyrA intein 
12 gyrA intein 
13 gyrA intein 
14 pal intein-1 
15 pal intein-2 
16 pal intein-1 
17 pal intein-3 
18 pal intein-2 
19 pal intein-1 
20 pal intein-2 
21 hyp intein-1 
22 hyp intein-2 
23 IF intein-2 
24 TFIIB intein 
25 Pep Syn intein 

26 RNR intein-1 
27 RNR intein-2 
28 Rpol A” intein 
29 Rpol A’ intein 
30 UDP GD intein 
31 Helicase intein 
32 GF-6P intein 
33 r-gyr intein 
34 RFC intein-1 
35 RFC intein-2 
36 RFC intein-3 

- Organism Amino terminus Carboxyl terminus Number of residues Reference 

S. cerevisiae 
C. tropicalis 

C. eugametos 
P. purpurea 
Synechocystis 
M. tuberculosis 
M. leprae 
M. leprae 
M. leprae 
M. kansasii 
M. flavescens 
M. gordonae 
M. xenopi 
T. litoralis 
T. litoralis 
Pyrococcus sp. GB-D 
Pyrococcus sp. KOD 
Pyrococcus sp. KOD 
M. jannaschii 
M. jannaschii 
M. jannaschii 
M. jannaschii 
M. jannaschii 
M. jannaschii 
M. jannaschii 
M. jannaschii 
M. jannaschii 
M. jannaschii 
M. jannaschii 
M. jannaschii 
M. jannaschii 
M. jannaschii 
M. jannaschii 
M. jannaschii 
M. jannaschii 
M. jannaschii 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
S 
S 
S 
S 
C 
C 
S 
C 
C 
C 
S 
C 

S 
S 
S 
C 
C 
C 
C 
C 
C 
S 
C 

HN/C 
HNlC 
GNLS 
HN/S 
HN/S 
HN/C 
HN/S 
HNlS 
HNlT 
HN/T 
HNlT 
HN/T 
HN/T 
HN/S 
HN/T 
HN/S 
HN/S 
HN/S 
HN/S 
HN/S 
HN/C 
HN/C 
HN/T 
HN/T 
FN/C 
HN/T 
HN/T 
HN/T 

GN/C 
HN/C 
HN/S 
HN/S 
HN/C 
HNlT 
HN/S 
HN/C 

454 
471 
456 
150 
429 
440 
365 

421 
420 
198 
538 
390 
537 
536 
360 
369 
476 
392 
488 
546 
335 
412 
453 
533 
471 
452 
454 
501 
499 
494 
548 
436 
543 

13-41 
151 

[141 
[I51 
1161 
[cl 
[71 

[Ill 
[I31 
(131 
[I31 
1131 

U67876* 
191 
191 

[lOI 
D29671 l 

D29671* 
[I71 
[I71 
[I71 
iI71 
[I71 
[I71 
[I71 
[I71 
(171 
[I71 
[I71 
[I71 
[I71 
[I71 
[I71 
[I71 
[I71 
[I71 

‘GenBank accession number. 

rearrangement of the conserved serine residue at the 
upstream splice junction. Step 2: formation of a branched 
intermediate by transesterification involving attack by the 
hydroxyl sidechain of Serl at the downstream splice junc- 
tion on the ester formed in Step 1. Step 3: excision of the 
intein by peptide bond cleavage coupled to succinimide 
formation involving the conserved asparagine residue at 
the downstream splice junction. Step 4: spontaneous O-N 
acyl rearrangement of the transitory ligation product from 
an ester to the more stable amide. 

Xu and coworkers [Z?] at New England Biolabs Inc. inge- 
niously developed an in &ro protein splicing system by 
inserting the intein from the extreme thermophile Pyrocor- 
~11s sp. GB-D between two foreign proteins, the maltose 
binding protein and Dirofilaria &&is paramyosin, to give 
a three-part chimera. The fusion protein was then 
expressed at low temperature, providing a source of 
unspliced precursor. This breakthrough not only provided 

indisputable evidence that protein splicing is post-trdnsla- 
tional and self-catalytic, but also made it possible to inter- 
cept the steps in the process of protein splicing and to 
isolate and characterize key intermediates. The mecha- 
nism shown in Figure 2 is the most consistent with all the 
reported experimental data obtained from this in &r-o 

splicing system, and will be discussed in detail. 

Step 1: formation of an ester intermediate by an 

N-O acyl rearrangement 

A unique feature of this mechanism is the occurrence of a 
linear ester intermediate in which the N-extein domain is 
esterified at the carboxyl terminus with the sidechain 
hydroxyl of Serl of the intein. This results from an N-O 
acyl rearrangement at the upstream splice junction and is 
consistent with the fact that Serl is conserved as the first 
amino acid in some inteins. The N-O acyl rearrangement, 
first described for aliphatic amino alcohols by Bergmann it 
al. [23], has been observed in peptides adjacent to serinc 
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Figure 2 
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Mechanism of protein splicing (adapted from [21,30,361). The 
mechanism shown involves four steps: the formation of an ester 
intermediate, the formation of a branched intermediate, excision of the 
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stable amide forms of the excised intein and spliced exteins. See text 
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and threonine residues under strongly acidic conditions 
[24,25]. The rearrangement is thought to involve a 
hydroxyoxazolidine intermediate [25,26] and is promoted 
by acid, which protonates the free amino group, thus shift- 
ing the equilibrium to the ester form. At neutral or alka- 
line pH, however, the N-O acyl rearrangement is rapidly 
reversed because the equilibrium favors the amide rather 
than the ester form (Fig. 3). Such reactions can therefore 

occur in nature only when the ester immediately under- 
goes a second reaction that displaces the unfavorable equi- 
librium, as in the biosynthesis of pyruvoyl-dependent 
enzymes such as histidine decarboxylase from Lactubad- 
LUS, where the amino-terminal pyruvoyl moiety is gener- 
ated by an N-O acyl rearrangement at an internal serine 
residue followed by a p-elimination step [27]. 

Shao et aL. [28] used the strategy of replacing Serl of the 
intein with cysteine to explore the involvement of an N-O 
acyl rearrangement in protein splicing. Cysteine is also 
conserved as the first amino acid in some inteins (Table l), 
and its thioesters are much more susceptible to attack by 
nitrogen nucleophiles at neutral pH than oxygen esters 
[29]. If an ester intermediate involving the sidechain of 
Serl were involved in the splicing process, replacement 
of the serine hydroxyl by a cpsteine thiol group should sig- 
nificantly enhance the rate of protein cleavage at the 
upstream splice junction by hydroxylamine at neutral pH. 
Shao et al. [28] observed that cleavage of the unspliced 
precursor protein, in which the amino terminal cysteine 
had been replaced with cysteine, could be enhanced by 
nitrogen nucleophiles such as hydroxylamine and ethylene 
diamine. They isolated and characterized the hydroxamate 
produced from the hydroxylaminolysis at the upstream 
splice junction. This observation suggested that the 
peptide bond at the upstream splice junction undergoes an 
N-O or N-S acyl rearrangement to yield either an ester 
or a thioester. The rearrangement of the upstream N-O 
acyl is also supported by the mutagenesis data of Xu and 
Perler [30]. 

Step 2: formation of a branched intermediate by 
transesterification 
The branched intermediate is formed by transesterifica- 
tion when the hydroxyl sidechain of Serl of the C-extein at 
the downstream splice junction attacks the ester formed in 
Step 1. Step 2 resembles the action of a serine proteinase 
on an ester substrate where the branched intermediate 
resembles the acyl-enzyme intermediate. When serine 
proteinases such as chymotrypsin and trypsin hydrolyze 
ester and thioester substrates, the rates of hydrolysis of the 
ester and thioester substrates are about 1000 times slower 
than that for the amide substrates and the rate-limiting 
step is the hydrolysis of the acyl-enzyme intermediate [31]. 
If this is extrapolated to protein splicing, it would suggest 
that the branched intermediate would accumulate in the 
process of protein splicing. A unique feature of the postu- 
lated branched intermediate is that it has two amino 
termini. LJsing their in vitro protein splicing system, Xu et 
a/. [ZZ] successfully isolated a transient band by sodium 
dodecyl sulfate polyacrylamide gel electrophoresis. Amino- 
terminal amino acid sequence analysis of this band found 
two amino acids in each cycle of the analysis, suggesting 
that it has two amino termini; this is consistent with the 
characteristics of the postulated branched intermediate. 
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Figure 3 

Mechanism of N-O acyl rearrangement. 
Acidic conditions promote the formation of 
the hydroxyoxazolidine intermediate and 
therefore the ester formation. Neutral or 
alkaline pH reverses the rearrangement 
because the equilibrium favours the amide 
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The branched intermediate was the first intermediate of 
protein splicing to be identified, and its discovery laid the 
cornerstone for further mechanistic elucidation. 

Step 3: excision of the intein 
Protein cleavage by succinimide formation has been found 
in the aging of the oA subunit of bovine c-r-crystallin [32]. 
Step 3 displaces the unfavorable equilibrium between the 
ester and amide form, present in Step 1 of protein splicing, 
making the whole splicing process irreversible. In support 
of this, Shao et aL. [33] synthesized a peptide with a 
carboxy-terminal aminosuccinimide residue, correspond- 
ing to the putative carboxyl terminus of the excised intein 
derived from the thermostable DNA polymerase of Pyro- 
coccus sp. GB-D. A methionine residue was then inserted a 
few amino acids upstream towards the carboxyl terminus 
of the intein. After the in vitro splicing, the intein was 
cleaved by cyanogen bromide. The synthetic aminosuc- 
cinimide peptide was compared with the carboxy-terminal 
cyanogen bromide peptide of the excised intein and found 
to be indistinguishable in terms of its chromatographic 
properties, high resolution mass spectrum, and colorimet- 
ric assay involving its reaction with hydroxylamine. This 
definitively established that protein splicing is accompa- 
nied by the cyclization of asparagine to yield an aminosuc- 
cinimide residue at the carboxyl terminus of the excised 
intein and that this unusual residue is therefore a natural 
constituent of the excised intein. 

Step 4: spontaneous O-N acyl rearrangement 
In Step 4, the transitory ligation products undergo sponta- 
neous O-N acyl rearrangements to form the more stable 
amides. The equilibrium of N-O acyl rearrangements 
favors the amide at neutral or high pH. For this reason, 
there are no known examples of O-N acyl rearrangements 
in proteins other than those thought to occur in the course 

of protein splicing. Examples of O-N and S-N acyl 
rearrangements are seen in the chemical synthesis of pro- 
teins, however [34,35]. Model studies showed that under 
splicing conditions the O-N acyl rearrangement occurs 
with a half life of 7min, much faster than in aitro protein 
splicing [ZZ]. 

After elucidating the mechanism of protein splicing 
involving thermophilic inteins, Chong et a/. [36] used a 
similar strategy and discovered that the intein of the 
mesophilic yeast VMA also adopted the same chemical 
pathway in the process of splicing. In this case, because 
there are conserved cysteines at both splicing junctions, 
N-S acyl rearrangements are involved rather than N-O 
acyl shifts. 

Related phenomena 
Since the elucidation of the mechanisms of protein splic- 
ing, there have been reports of post-translational modifica- 
tions of proteins involving similar chemical pathways. The 
most recent of these reports is the autoprocessing of Sonic 
Hedgehog proteins. 

Sonic Hedgehog proteins are responsible for the pattern- 
ing of a variety of embryonic structures in vertebrates and 
invertebrates. The Drosophila hedgehog gene has been 
shown to generate two predominant protein species by 
a self-catalyzed internal cleavage of a larger precursor. 
Autocatalytic processing mediated by the carboxy-termi- 
nal domain of the Hedgehog protein precursor (Hh-C) 
generates an amino-terminal domain product (Hh-N) that 
accounts for all known signaling activity [37,38]. The 
cleavage site of Hedgehog protein is immediately before a 
cysteine and conserved amino acid sequences are found at 
the cleavage site and at the upstream splice junction of 
two yeast inteins [39]. It is therefore likely that an N-S 
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acyl rearrangement, analogous to that involved in protein 
splicing, occurs in the maturation of the Sonic Hedgehog 
protein. Experimental evidence [40,41] has shown that the 
autoprocessing reaction proceeds via an internal thioester 
intermediate formed through N-S acyl rearrangement and 
nucleophilic attack by the hydroxyl group of a cholesterol 
molecule. It has been shown that cholesterol is the 
lipophilic moiety that is covalently attached to the amino- 
terminal signaling domain during autoprocessing and that 
the carboxy-terminal domain acts as an intramolecular 
cholesterol transferase [41]. ‘I’his cholesterol molecule 
increases the hydrophobic character of the signaling 
domain, influencing its spatial and subcellular distribution 
[40] (Fig. 4). 

Another phenomenon which adopts similar chemical path- 
ways to protein splicing is the activation of glycosyl- 
asparaginase from Flavohac~eriwn meningoseptikum [42]. 
The peptide bond between Asp151 and Thr152 under- 
goes an N-O acyl rearrangement and the resulting ester 
intermediate is rapidly hydrolyzed. This self-catalyzed 
cleavage to produce two subunits is obligatory for the 
function of glycosylasparaginase; the newly formed amino- 
terminal threonine of the P-subunit is essential for 
enzyme activity. Additional evidence for this mechanism 
was provided by the crystal structure of its human 

Figure 4 

Mechanism of Hedgehog protein autoprocessing (adapted from [41 I). 
Autocatalytic processing mediated by the carboxy-terminal domain 
of the Hedgehog protein precursor (Hh-C) generates an amino- 
terminal domain product (Hh-N). Because the cleavage site is 
immediately before a cysteine and conserved amino acid sequences 
are found at the cleavage site and at the upstream splice junction of 
two yeast inteins, it is likely that an N-S acyl rearrangement, analogous 
to that involved in protein splicing, occurs in the maturation of the 
Hedgehog protein. 

homolog [43]. The structure of the mature human protein 
suggests that it would be difficult for any external prote- 
olytic enzymes to reach the thrconine in the deep and 
narrow pocket of the funnel-like active site. 

Glycosylasparaginase belongs to the newly recognized 
structural superfamily of amino-terminal nucleophile ami- 
dohydrolascs, which includes penicillin aqlasc 1441, the 
proteasome P-subunit [4.5], and glutaminc S-phosphoribo- 
syl-1-pyrophosphate amidotransferase [46]. ‘I’hese three 
enzymes are all amidotransferases. Penicillin acylase 
cleaves the amide bond bctu-een the variable group and 
the p-lactam ring in penicillins to produce h-aminopcnicil- 
lanic acid. Like glycosylasparaginase, penicillin acylase is 
an CKP dimer formed by the cleavage of a single polypcp- 
tide chain precursor [43]. Glutamine S-phosphoribosyl-l- 
pyrophosphatc amidotransferase is the regulatory enzyme 
of the de ~ZOZ‘O synthesis of purine nucleotidcs. It is a 
homotetramer, with each subunit composed of two folding 
domains [45]. The protcasome is the central enzyme of 
non-lysosomal protein degradation. It contains 14 copies 
each of the structurally similar (Y- and P-subunits [44]. Not 
only do these enzymes have three-dimensional structures 
similar to glycosylasparaginase, but they also ha1.c the 
unusual feature of using an amino-terminal nucleophile 
(serine, threonine or cystcinc) as their catalytic ccntcr [47]. 
This suggests that similar self-catalyzed N-O and N-S 
acyl rearrangements leading to protein clea\.age may also 
occur in the maturation or activation of these enzymes. 

The elucidation of the mechanism of protein splicing 
inspired the scientists at New England Biolabs Inc. to 
invent an ingenious purification kit called 11LlPAC’I IT” 
for recombinant proteins. This kit uses the intein from the 
S. cereuisiae VhlAl gene and works according to the mech- 
anism shown in Figure 5. The intcin has been modified so 
that at low temperatures in the presence of thiols (such as 
dithiothrcitol (DTT), P-mcrcaptocthanol or cystcinc) it 
undergoes a self-cleavage reaction at its amino terminus. 
The gene encoding the target protein is inserted into a 
multiple cloning site (hlCS) of a pCYB vector to crcatc a 
fusion between the carboxyl terminus of the target gene 
and the amino terminus of the gene encoding the intcin. 
The DNA encoding a small 5 kDa chitin binding domain 
(CBD) from Rnrilllls ri~&n.s has been added to the 
carboxyl terminus of the intein for affinity purification 
of the expressed fusion protein. Expression of the threc- 
part chimeric fusion protein is controlled by an IP’I’G- 
inducible PC:,, promotor. When crude extracts of cells from 
an inducible Esdzerirhia coli cxprcssion system are passed 
through a chitin column, the fusion protein binds to the 
chitin column while all other contaminants are M,ashed 
through the column. The fusion protein is then induced to 
undergo an intein-catalyzed self-cleavage on the column 
by overnight incubation at 4°C in the presence of DTT 
or P-mercaptoethanol. The target protein is rclcascd into 



Figure 5 

r 
CBD 

N-S acyl 
shlfl ChItIn 

-- -S-CH+HOH)~CH~SH 

lndtmble cleavage 
+ DTT at 4°C 

Elute 

~-CH.+H~H)~C~~~SH 

d + 
I-IS 

H2N- 
cysi 

Hydrolysis 

b 

-OH + HS-CH2(CHOH)2CH2SH 

ii 

Schematic illustration of the IMPACT ITM system (adapted from 
IMPACT ITM manual, New England Biolabs Inc.). The gene encoding 
the target protein is inserted into a multiple cloning site (MCS) of a 
pCYB vector. DNA encoding a small chitin binding domain (CBD) is 
attached to the carboxyl terminus of the intein. The three-part fusion 
protein is expressed and then the crude cell extracts are passed 
through a chitin column. The fusion protein binds to the chitin column 
while all the contaminants are washed through the column. The fusion 
protein is then induced to undergo an intein-catalyzed self-cleavage on 
the column thereby releasing the target protein with the eluant and 

leaving the intein-chitin binding domain bound to the column. 

the eluant while the intein-chitin binding domain fusion 
remains bound to the column. Thus, native proteins can 
be purified without the use of proteinases and the car- 
boxy1 terminus of the target protein can be labeled with. 
for exam& isotopes or fluorescent tags. 

Perspectives 
Although the biochemical mechanism of protein splicing 
has been determined (Fig. 2), there is currently no struc- 
tural information on the protein splicing precursor. It still 
remains to be determined what the catalytic groups are and 
how they catalyze each partial reaction. Questions, such 

as whether only the neighboring groups in the primary 
sequence catalyze the N-O and N-S acyl rearrangements 

Review Protein splicing Shao and Kent 193 

or whether the catalytic machinery is composed of amino 
acids at distant positions of the polypeptide chain as in the 
serine proteinases, still remain unanswered. Because the 
inter\.ening sequences are multifunctional proteins that 
also function as homing endonucleases. amino acid 
sequence alignments cannot provide any information 
towards answering these questions. Efforts are being made 
by scientists to crystallize the protein splicing precursor, in 
the hope that the crystal structure ma); shed light on the 
catalytic machinery for protein splicing. 

With the discovery of more and more putative inteins 
from searches of the genomic database, \ve need to ask 
whether in these cases the intervening sequences are in 
fact spliced out of their polypeptide precursors. For those 
inteins containing a Gly-Asn sequence at their carboxyl 
terminus (Table 1, ?~3,29), it would also be interesting to 
determine whether cofactors are needed to compensate 
for the lack of the histidinc that is normally conserved at 
this position. 

!%‘hat is the biological function of inteins? Inteins are 
probably homing endonucleases because, with the excep- 
tion of the dnaB intein from P. purpwra and the gyrA 
intein from ,W. senopi (Table 1, ~4,13), they all contain the 
LAGLI-DADG motif. This motif is characteristic of 
homing endonucleases encoded by introns of the rRNA 
genes in archaea and bacteria, and by group I introns in 
eukaryotes. With their homing activities, the inteins and 
their coding sequence may represent the most primitive 
parasite, which does not even encode an entire protein 
but relies on the host for the initiation and termination of 
protein synthesis. To compensate for this extreme form of 
genetic economy, the intein may have evolved the cat- 
alytic potential to excise itself from host proteins, thereby 
assuring the survival of the host, even if the selfish DNA 
has insinuated itself into an essential gene. Thus, like 
introns. inteins can be considered manifestations of 
selfish DNA that may survive by being able to invade and 
multiply without significantly compromising their host. 
Studies of the inteins lacking the homing endonucleasc 
activities, such as the dnaB intein from P. purpurea and 
gyrA intein from M. xenopi (Table 1, #4,13), might tell us 
more about the origin and function of intcins and whether 
this radical post-translational protein modification may be 
more widespread in nature. 
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